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Ultrasound apparatus and method for securing or removing a prosthesis 



(54) 

(57) A method of securing a prosthesis to a bone includes inserting cement into a cavity formed in the bone, 
locating the prosthesis in the cemented cavity and, before the cement sets, applying ultrasound to the cement 
through the prothesis at a frequency and for a time to substantially eliminate folds and inclusions in the 
cement. The ultrasonic frequency may be c 2OKH2. Alternatively, a cemented prothesis may be removed by 
applying ultrasound thereto firstly at a frequency to cause fatigue fracture of the cement-bone and 
cement-prosthesis bonds, then at a frequency to cause cavitation in the interface and finally at a frequency to 
cause thermal softening of the cement. The ultrasound apparatus used may include a magnetostriction 
transducer 20 connected to a conductive body 10 which has adjustable .laws 12 for gripping the prosthesis 4, 
and means for controlling the resonant frequency of the transducer. 
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rough interior of the femur is produced. The process of 
setting takes about fifteen minutes from the time that 
mixing stcirts to final hardening. 

It has, tmf ortxinately, been found that mixing the 
5 cement to a dough-like consistency leaves cavities and 

inclusions in the cement. Although PMMA has been shown to 
have good load-carrying capeUDilities in compression, it is 
weak in tension, sheer, and fatigue resistance resulting in 
fractiire of the cement and causing loosening of the 

10 prosthesis. As described by Wixson, Lautenshlager , and 

Novak in The Joximal of Arthroplasty, Voltime 2, No, 2, June 
1987, at pages 141 - 149, there have been numerous attempts 
to strengthen the cement by adding various fillers, such as 
glass or carbon fibres. These methods tend to clog the 

15 opening of the pores into the trabecula bone and may result 
in an abnormal distribution of the fibres and local 
alteration in the material properties of the cement-bone 
interface. In this paper it is stated that none of the 
reinforced cements has been released by the Food ajid Drug 

20 Administration for general use and they are not used 
clinically. 

So as to overcome the problem of cement-bone 
breakdown, Wixson et al teach that in conventional mixing 
of the cement, the mixing process traps small bubbles of 

25 air and as stirring of the dough-like mixture commences, 
the cement f ormsf into two discrete masses or Itimps which 
coalesce, trapping more air bubbles of a Icirger diameter in 
the mixture. To overcome this problem, Wixson et al 
discloses cooling the components to be mixed in an ice 

30 water bath and mixing the components in a vacuum in the 
range 500 - 550iamHg, 

Despite the attempts at improving the fixation of a 
prosthesis to a bone, it is often necessary to conduct a 
revision process whereby an existing prosthesis has to be 

35 removed and a new prosthesis fitted. It is difficult to 

remove a prosthesis, and in particular the cement cast; the 
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parts . 

Referring to Figure 1, a femxir shaft 1 is hollowed out 
in any known manner, for example as discussed above in the 
reference. The Journal of Bone and Joint Surgery, to form a 
cavity 2 which is filled with polymethylmethacrylate (PMMA) 
cement 3. A hip joint metallic prosthesis 4 known ESr ge 
having a stem .5, femoral head 6 and ball 7 is mounted in 
the cemented cavity 2. 

-The apparatus of the invention is shown in Figure 2 
and has an ultrasonically conductive body 10 formed, for 
example, of titanium. The body has a cylindrical end 
portion 11 formed, for example integrally, with two or more 
jaws 12. In the preferred embodiment the body has four 
equi-circumferentially spaced adjustable jaws 12, the 
15 greater the number of jaws, the better being the 

propagation of ultrasonic frequency from the body 10 to a 
prosthesis 4. In this respect, the jaws 12 have faces 13 
for securement about the prosthesis 4. A pneumatic clamp 
14 is provided to securely attach the jaws about the 
20 prosthesis 4. The pneumatic jaws 14 may be connected to a 
torque limiting device 15 to ensure that the jaws do not 
clamp too tightly on the prosthesis. 

An ultrasonic transducer 20, for example a 
magnetostriction device, is connected to the end 11 of the 
25 body 10 and the ultrasonic transducer 20 is connected to a 
resonance frequency controller 21. The resonance frequency 
controller 21 is connected with a resonance sensor (not 
shown) that is integrated within the ultrasound source 20 
for adjusting the resonant frequency for maximum 

30 efficiency. 

The end 11 of the body 10 is integrally formed with a 

coil 25 for transferring cooling liquid air to the body 10. 

The coil 25 is connected to an inlet pipe 26 and an outlet 

pipe 27, the direction of flows of air being as indicated 
35 by arrow headed lines 28 and 29. The inlet and outlet 

pipes 27 are connected to a temperature controller 30, the 
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transducer connected to a conductive body having attachment 
means for attaching said body to a prosthesis, and 
controlling means for controlling the resonant frequency of 
said transducer. 
5 8. An ultrasound apparatus as claimed in claim 7 wherein 
the attachment means comprise a pair of adjustable jaws for 
gripping the prosthesis or four equi-circumf erentially 
spaced adjustaOsle jaws for gripping the prosthesis. 

9. An ultrasoxind apparatus as claimed in claim 8 wherein 
10 an adjustable clamp is provided for enabling the prosthesis 

to be seciirely gripped by the jaws. 

10. An ultrasoxind apparatus as claimed in claim 9 wherein 
said clamp is a pneiomatic clamp connected to a source of 
compressed air. 

15 11. An ultrasound apparatus as claimed in claim 10 wherein 
a torque limiting device is provided to limit the grip 
provided by said jaws. 

12. An ultrasound apparatus as claimed in any of claims 7 
to 11 wherein resonance sensor means is provided for 

20 detecting the resonant frequency of the ultrasonic 

transducer, said resonance sensor means being connected to 
said controlling meauis, whereby in dependence upon the 
output of said resonance sensor means, said controlling 
meems adjusts the resonant frequency for maximum 

25 efficiency. 

13. An ultrasound apparatois as claimed in any of claims 7 
to 12 wherein said conductive body is provided with cooling 
mecms whereby said prosthesis may be shrunk to assist 
removal in revision surgery. 

30 14. An ultrasoxind apparatus as claimed in claim 13 wherein 
said cooling means is integrally formed with said body and 
conveniently is supplied from a soxirce of cooled or liquid 
air. 

15. An ultrasound apparatus as claimed in claim 12 wherein 
35 the sensor means includes a heat detector for detecting the 
temperature of the prosthesis, which said heat detector is 
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